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ABSTRACT 


Two lower jaws from the upper part (early Maastrichtian) of the late Cretaceous Mae¬ 
varano Formation in the Mahajanga Basin, northwestern Madagascar, are identified as 
belonging to side-necked turtles (Pleurodira). A nearly complete lower jaw is identified as 
cf. Erymnochelys because of its close resemblance to the living Malagasy Erymnochelys 
madcigascariensis. Both uniquely possess the combination of a posteriorly directed pro¬ 
cessus retroarticularis and a nearly identical triturating surface that is narrow anteriorly 
with a horizontal labial ridge and a dorsally rising lingual ridge. A second specimen, 
consisting of an incomplete symphyseal region, is questionably identified as Bothremy¬ 
didae on the basis of a thick wedge-shaped symphysis with partial or complete pits on the 
rami. The cf. Erymnochelys specimen is the oldest record of Erymnochelys or a taxon very 
similar to it, and it indicates the persistence of a Mesozoic element in the extant Malagasy 
turtle fauna. The possible bothremydid jaw suggests a more cosmopolitan element now 
extinct. 
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INTRODUCTION 

In 1896, Charles Deperet reported numer¬ 
ous indeterminate turtle carapace and plas¬ 
tron fragments collected in northwestern 
Madagascar from sediments that are now 
known as the Maevarano Formation. Seven¬ 
ty-eight years later, in 1974, a team of French 
paleontologists returned to northwestern 
Madagascar to conduct fieldwork in the Mae¬ 
varano Formation near the village of Beri- 
votra, the same general area where Deperet’s 
material was collected (Russell et al., 1976). 
Russell et al. (1976) collected material they 
identified as a species of pleurodire, an iden¬ 
tification based on numerous carapace frag¬ 
ments, vertebrae, a cranial fragment, and a 
limb bone. Ravoavy (1987), in a summary of 
known fossils from the Maevarano Forma¬ 
tion, was more specific and reported turtles 
of the family Pelomedusidae, but Ravoavy 
did not speculate on the number of taxa pre¬ 
sent. 

Recently, Lapparent de Broin (2000) sum¬ 
marized all known fossil turtles from Mad¬ 
agascar, listing two occurrences of Creta¬ 
ceous pleurodires on the island, the only pre- 
Holocene turtle record from the island: (1) 
Berivotra (Mahajanga area) of “Senonian 
age”, and (2) Betioky (near the Menarandroy 
River in southwestern Madagascar) of “Cen¬ 
omanian age”. The first locality refers again 
to the Maevarano Formation and to the spec¬ 
imens previously collected and reported by 
Russell et al. (1976). However, Lapparent de 
Broin was more specific and refers the Mae¬ 
varano turtle material to “Bothremydidae in- 
det., form B” (Antunes and Broin, 1988). 
Antunes and Broin (1988: 180) reported 
“Bothremydidae indetermine, forme B" as 
consisting of a “portion de crane avec les 
carre, opisthotique et prootique partiels, 
montrant une structure de la region otique 
caracteristique des bothremydides et confor- 
me a celle de Bothremys et Rosasia . . . ”. 
Although noted in various lists (Broin, 1988; 
Lapparent de Broin and Werner, 1998), none 
of this material has been described or fig¬ 
ured, leaving the justification for the identi¬ 
fications unknown. 

At the Betioky locality, Lapparent de 
Broin identified “Bothremydidae indet., 
form A (? Bothremys )” based on information 


from Antunes and Broin (1988) and Lappar¬ 
ent de Broin and Werner (1998). In Antunes 
and Broin (1988: 179) the Betioky material 
was referred to as consisting of a “portion 
de carapace sans les parties anterieure et pos- 
terieure, conforme a Bothremys . . . ”. We are 
unaware of characters in the carapace unique 
to the Bothremydidae, despite assertions to 
the contrary (Lapparent de Broin and Werner, 
1998). 

Although turtle remains have been known 
from the Maevarano Formation in the Beri¬ 
votra region for more than one hundred 
years, their identifications remain largely un¬ 
determined, and none have been figured or 
described to date. A series of recent expedi¬ 
tions to the Maevarano Formation by the 
State University of New York at Stony Brook 
and the Universite d’Antananarivo, begin¬ 
ning in 1993, have recovered a diverse ver¬ 
tebrate assemblage that includes birds, croc- 
odilians, dinosaurs, freshwater fishes, mam¬ 
mals, snakes, frogs, and turtles (e.g., Krause 
et al., 1999). This additional turtle material 
includes partial and fragmentary carapaces 
and plastra, cervical vertebrae, girdle and 
limb elements, and fragmentary cranial ma¬ 
terial. At least two, and probably more, pleu¬ 
rodire taxa are represented in this material. 
Despite a virtual pavement of carapace and 
plastron fragments at several sites in the 
Maevarano Formation, more complete spec¬ 
imens remain elusive. In this paper we de¬ 
scribe two new, distinct turtle taxa based on 
lower jaw material. 

Both specimens described here were col¬ 
lected in 1996 from the Maevarano Forma¬ 
tion near the village of Berivotra, Mahajanga 
Basin, northwestern Madagascar (see fig. 2 
in Krause et al., 1999). Although the age of 
the Maevarano Formation was reported as ei¬ 
ther Cenomanian (e.g., Antunes and Broin, 
1988) or Campanian (e.g., Russell et al., 
1976), recent stratigraphic work confirmed 
that the formation is younger than previously 
surmised (Rogers et al., 2000). Both speci¬ 
mens described here are from the highly fos- 
siliferous upper members of the Maevarano 
Formation—the Anembalemba and Miadana 
Members—which are regarded as early 
Maastrichtian, and possibly late Maastrich- 
tian in age (Krause et al., 1999; Rogers et al., 
2000 ). 
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A review of turtle lower jaw anatomy ex¬ 
plaining and illustrating the terms used here 
can be found in Gaffney (1979). Pleurodire 
jaws are not well represented in the literature, 
but Fuchs (1931) provided good descriptions 
of Podocnemis. The taxonomy of pleurodires 
used here, recognizing Bothremydidae, Po- 
docnemididae, and Pelomedusidae, has been 
developed in recent years. Antunes and Broin 
(1988) and Broin (1988) revived Bothremy¬ 
didae, provided a new diagnosis, and added 
taxa, such as Rosasia, based on skulls and 
shells. Recent papers on fossil pleurodires, 
such as Meylan (1996), Lapparent de Broin 
and Werner (1998), and Tong et al. (1998), 
use the Antunes and Broin (1988) terminol¬ 
ogy, in which Bothremydidae, Podocnemi- 
didae, and Pelomedusidae (restricted to Pe- 
lusios and Pelomedusa ) are contained in the 
Pelomedusoides (which equals Pelomedusi¬ 
dae in the classic sense). Bothremydids are 
now recognized as a more widespread and 
diverse group than previously considered. 

Institutional Abbreviations 
AMNH American Museum of Natural History, 
New York 

FMNH Field Museum of Natural History, Chi¬ 
cago 

MNHN Museum National d’Histoire Naturelle, 
Paris 

UA Universite d’Antananarivo, Antanana¬ 

rivo, Madagascar 

Anatomical Abbreviations 


ang 

angular 

art 

articular 

cor 

coronoid 

dent 

dentary 

f. aur 

foramen nervi auriculotemporalis 

f. dfm 

foramen dentofacialis majus 

f. pet 

foramen posterius chorda tympani 

fm 

fossa meckelii 

pra 

prearticular 

sa 

surangular 

sem 

sulcus cartilaginis meckelii 


SYSTEMATICS 


ORDER TESTUDINES LINNAEUS, 1758 
SUBORDER PLEURODIRA COPE, 1864 
HYPERFAMILY PELOMEDUSOIDES COPE, 1868a 
FAMILY PODOCNEMIDIDAE COPE, 1868b 
cf. Erymnochelys 

Specimen: FMNH PR 2231; a nearly com¬ 
plete lower jaw, lacking the anteriormost tip 


and most of both prearticulars (figs. 1, 2). 
Collected by C.A. Forster. 

Locality: MAD 93-35, Berivotra region, 
Mahajanga Basin, northwestern Madagascar. 

Horizon and Age: Anembalemba Mem¬ 
ber, Maevarano Formation, Maastrichtian. 

Description 

Dentary 

The dentaries of FMNH PR 2231 are fused 
completely on the midline as in all other po- 
docnemidids and bothremydids (figs. 1, 2). 
Although there is a crack on the midline, there 
is no sign of a suture anywhere on the sym¬ 
physis as seen in Pelomedusa and Emydura. 
The symphysis is relatively long as in Erym¬ 
nochelys, Peltocephalus, Podocnemis, and 
bothremydids, but shorter than in most pelo- 
medusids. Peltocephalus differs from all other 
living podocnemidids and from bothremydids 
in having a high, protuberant symphyseal pro¬ 
jection; this projection is also absent in 
FMNH PR 2231. The symphyseal tip of 
FMNH PR 2231 is broken, but the preserved 
portion indicates it was probably not pointed 
as in the living Erymnochelys (fig. 3). 

The triturating surface in FMNH PR 2231 
is relatively narrow at the symphysis (figs. 
1A, 2A), as in Erymnochelys, in contrast to 
the wider surface seen in Peltocephalus and 
Podocnemis. There is no midline ridge as in 
some Recent Podocnemis species; rather, the 
midline is flat as in Erymnochelys and Pel¬ 
tocephalus. The lingual ridge at the symphy¬ 
sis forms the upper margin for a concavity 
that makes up most of the symphyseal re¬ 
gion. The concavity is broadly triangular 
with its apex pointing anteriorly. This mor¬ 
phology is similar to that of Erymnochelys, 
although the concavity in FMNH PR 2231 is 
somewhat wider and the curved apex less 
acute. This region is also similar to that in 
the bothremydids Cearachelys (Gaffney et 
al., 2001a) and Kurmaclemys (Gaffney et al., 
2001b). The left and right dentaries meet at 
a more obtuse angle in FMNH PR 2231 than 
in Erymnochelys, Peltocephalus, or Podo¬ 
cnemis, and are more similar to bothremy¬ 
dids in this feature. In bothremydids similar 
to FMNH PR 2231 (i.e., Cearachelys and 
Kumiademys), the inner margin of the tritu¬ 
rating surface is slightly S-shaped, while in 
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Fig. 1. Photographs of the lower jaw of cf. Erymnochelys, FMNH PR 2231. A, Dorsal view; B, 
ventral view; C, anterior view; D, right lateral view; E, medial view of right jaw; and F, medial view 
of left jaw. Scale bar equals 1 cm. 



FMNH PR 2231 and the living podocnemi- 
dids this margin is nearly straight. 

The triturating surface on the dentary 
closely resembles that in Erymnochelys. In 
both taxa, the triturating surface widens pos¬ 
teriorly, contrasting with the condition in Po- 
docnemis and Peltocephalus where the mar¬ 
gins of this surface remain roughly parallel. 
The triturating surface itself, between the lin¬ 
gual and labial ridges, is a broadly curved 
plane that faces anterolaterally in FMNH PR 
2231 and Erymnochelys ; in Podocnemis and 


Peltocephalus it faces more dorsally. This 
triturating surface shape seen in FMNH PR 
2231 also occurs in the bothrenrydids Cear- 
achelys and Kurmademys, although these dif¬ 
fer in having a shallow depression on the sur¬ 
face. Nonetheless, this morphology may be 
primitive within the Pelomedusoides at some 
level. However, Hamadachelys, the pre¬ 
sumed sister taxon to Podocnemididae (Tong 
and Buffetaut, 1996) has parallel triturating 
ridges and lacks this morphology. 

The labial ridge rises steadily posteriorly 
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Fig. 2. Drawings of the lower jaw of cf. Erymnochelys, FMNH PR 2231. A, Dorsal view; B, ventral 
view; C, anterior view; D, right lateral view; and E, medial view of right jaw. Scale bar equals 1 cm. 


in Podocnemis and Peltoceplialus but re¬ 
mains low in FMNH PR 2231 and Erymno¬ 
chelys until it reaches the region of the pro¬ 
cessus coronoideus, where it rises sharply. 
The labial ridge in FMNH PR 2231 is rela¬ 
tively blunt and resembles that in Cearach- 
elys and Kurmademys', this ridge also is sharp 
in living podocnemidids. The lingual ridge in 
FMNH PR 2231 and Erymnochelys is slight¬ 
ly lower than the labial ridge at the symphy¬ 
sis. As it extends posteriorly, the lingual 
ridge rises dorsally to exceed the labial ridge 


in height. As it rises, the lingual ridge meets 
the processus coronoideus medially. 

The contacts of the dentary of FMNH PR 
2231 with the postdentary elements are al¬ 
most completely preserved; these contacts 
vary little among Pelomedusoides (figs. ID— 
F, 2D, E). A splenial does not seem to be 
present, but the medial jaw surfaces are not 
complete. On the medial surface the dentary 
contacts the coronoid posterodorsally, the 
prearticular (which is incomplete) posterior¬ 
ly, and the angular posteroventrally. On its 
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Fig. 3. Photographs of the lower jaw of the extant Malagasy turtle Erymnochelys madagascariensis 
(Bavarian State Natural History Collection, Munich, no. 843/20, Mahajanga, Madagascar, collector Prof. 
Voeltzkow 1907). A, Dorsal view (see Gaffney and Zangerl. 1968: fig. 22C and E for comparable views 
of Bothremys)', B, ventral view (see Gaffney and Zangerl, 1968: fig. 22A for comparable view of 
Bothremys)', C, anterior view; D, right lateral view; E, medial view of right jaw; and F, medial view 
of left jaw. Scale bar equals 1 cm. 


lateral surface the dentary contacts the cor- 
onoid posterodorsally, the surangular poste¬ 
riorly, and the angular posteroventrally. 

On its medial surface the dentary forms 


the sulcus cartilaginis meckelii as in other 
turtles. The sulcus in FMNH PR 2231 is not 
as prominent or as well defined anteriorly as 
it is in Erymnochelys and other podocnemi- 
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dids, but it is more similar to bothremydids. 
Living podocnemidids also have the sulcus 
cartilaginis meckelii continuing anteriorly as 
a distinct groove on the medial surface of the 
dentary. FMNH PR 2231 is particularly dis¬ 
tinct from Erymnochelys in this regard as the 
latter taxon has a distinct trough extending 
from the sulcus nearly to the symphysis; this 
trough is absent in FMNH PR 2231. 

Angular 

The angular is preserved on both sides in 
FMNH PR 2231, although its sutures, as in 
many recent podocnemidids, are unclear 
(figs. ID—F, 2D, E). There is a dentary-an- 
gular suture preserved, however. The angular 
is a long, thin bone that begins anteriorly on 
the medial surface and bends posteroventral- 
ly to end below the articular bone. The lower, 
angular margin of the foramen intermandi- 
bularis caudalis is present on both sides, al¬ 
though the prearticular margin of the fora¬ 
men is missing. The posterior contacts be¬ 
tween the angular and the surangular and ar¬ 
ticular are fused as is often the case in other 
podocnemidids and turtles in general. 

Surangular 

The surangular is preserved on both sides 
of FMNH PR 2231 (figs. ID, 2D), although 
the left element is slightly eroded. The sur¬ 
angular is a large element lying on the ex¬ 
ternal surface at the posterior end of the jaw. 
It contacts the coronoid anterodorsally, the 
dentary anteriorly and ventrally, the angular 
posteroventrally (this suture is fused), and 
the articular posteriorly (also fused). The sur¬ 
angular forms the lateral wall of the fossa 
meckelii, which is open medially in FMNH 
PR 2231 and best preserved on the right side 
(figs. IE, F, 2E). Although the size and shape 
of the fossa meckelii of FMNH PR 2231 are 
very similar to those in the living podocnem¬ 
idids, this morphology varies little within Pe- 
lomedusoides and is of limited systematic 
value. 

A complex of foramina and canals formed 
on the posteroventral surangular—the fora¬ 
men nervi auriculotemporalis (Gaffney, 
1979: 216)—is well preserved on both sides 
of FMNH PR 2231 (figs. ID, 2D). This com¬ 
plex is composed of two external foramina 


that are connected by a short canal that com¬ 
municates with a larger internal space. This 
space joins the fossa meckelii via a short ca¬ 
nal. All Pelomedusoides have this complex, 
although the precise morphology of the ex¬ 
ternal foramina varies throughout the group. 
Fuchs (1931) provided a description of these 
structures in Podocnemis expansa. 

Coronoid 

The coronoid in FMNH PR 2231 is de¬ 
fined by sutures on both rami (figs. 1A, ID— 
F, 2A, D, E). It forms a low but distinct pro¬ 
cessus coronoideus similar in morphology to 
that in Erymnochelys. The anterior contact of 
the coronoid with the dentary lies in the pos¬ 
teromedial part of the triturating surface so 
that the coronoid forms the posteromedial 
part of the surface, as in Erymnochelys and 
the other podocnemidids. 

Articular 

The articular is preserved on both sides of 
FMNH PR 2231, although no sutures are dis- 
cernable due to fusion to adjacent elements 
(figs. 1A, D-F, 2A, D, E). The area articularis 
mandibularis is roughly hemispherical as is 
characteristic of pleurodires (although not 
unique), as opposed to the median longitu¬ 
dinal ridge usually found in cryptodires 
(Gaffney, 1979: 217). A low ridge is present 
in FMNH PR2231. The area articularis man¬ 
dibularis is slightly flatter in FMNH PR 2231 
and Erymnochelys than in Podocnemis and 
Peltocephalus. 

FMNH PR 2231 has a well-developed, 
posteriorly directed processus retroarticular- 
is. Chelids and pelomedusids lack such a 
process, while bothremydids have a large 
process, and most podocnemidids have a 
ventrally directed process. An exception is 
Erymnochelys, which has a large, posteriorly 
directed processus retroarticularis very sim¬ 
ilar to that in FMNH PR 2231. Podocnemi¬ 
dids have been described as having a pro¬ 
cessus retroarticularis (Gaffney et al., 1998: 
5; also termed the processus subarticularis by 
Fuchs, 1931) despite its ventral position, be¬ 
cause it provides the insertion for the de¬ 
pressor mandibulae muscle. As far as can be 
determined, Erymnochelys is the only living 
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podocnemidid with a posteriorly directed 
processus retroarticularis. 

At the base of the processus retroarticu¬ 
laris in FMNH PR 2231, on the medial edge 
of the area articularis mandibularis, is a large 
foramen posterius chorda tympani. Erymno- 
chelys also has this foramen in the same po¬ 
sition. The foramen is not ossified in Pelto- 
cephalus and Podocnemis in this position. In 
the bothremydids (i.e., Cearachelys and Kur- 
mademys) which have a posteriorly directed 
processus retroarticularis, there is also a fo¬ 
ramen posterius chorda tympani on the me¬ 
dial side of the base of the processus retroar¬ 
ticularis. This is also where this foramen is 
usually located, when present, in cryptodires. 

Prearticular 

The prearticular in FMNH PR 2231 is 
largely missing, although it is slightly better 
preserved on the left side (figs. IE, F, 2E). It 
forms the thin medial wall of the fossa meck- 
elii and the posterior margin for the foramen 
intermandibularis medialis. The portions of 
the prearticular preserved in FMNH PR 2231 
are consistent with the morphology of this 
element in Erymnochelys. 

Discussion 

The lower jaw FMNH PR 2231 is most 
similar to the lower jaw in the living podo¬ 
cnemidid Erymnochelys madagascariensis 
(fig. 3), a monotypic genus endemic to Mad¬ 
agascar (see table 1). They both share this 
unique combination of characters: nearly 
identical triturating surface that is narrow an¬ 
teriorly and broader posteriorly with a hori¬ 
zontal labial ridge and a dorsally rising lin¬ 
gual ridge, posteriorly directed processus re¬ 
troarticularis, completely ossified foramen 
posterius chorda tympani, and low symphy- 
seal projection. The primitive bothremydids, 
Kurmademys and Cearachelys, have lower 
jaws similar to FMNH PR2231 in some fea¬ 
tures of the triturating surface and in the pro¬ 
cessus retroarticularis. However, the bothre¬ 
mydids have an S-shaped lingual ridge and 
a labial ridge that rises posteriorly. They also 
have a deeper trough between the lingual and 
labial ridges, and wider jaws compared to the 
midline length. 

FMNH PR 2231 differs from the living 


Erymnochelys madagascariensis in having a 
shallower sulcus cartilaginis meckelii, a wid¬ 
er angle between the jaw rami, a less acute 
symphyseal tip, and a blunter labial ridge. 
Nonetheless, these are relatively slight dif¬ 
ferences, and the jaws are very similar. If 
found in the recent Malagasy fauna, FMNH 
PR 2231 would probably be identified as Er¬ 
ymnochelys madagascariensis. However, 
morphology of these lower jaws is not great¬ 
ly different from podocnemidids like Neo- 
chelys (Eocene of Europe; Broin, 1977), and 
these features could be more generally dis¬ 
tributed among Podocnemididae. Therefore, 
we do not think that the lower jaw alone is 
sufficient to positively identify this specimen 
as Erymnochelys. The question of identifi¬ 
cation of FMNH PR 2231 rests on the spe¬ 
cific characters in common with Erymnoche¬ 
lys, namely the processus retroarticularis and 
morphology of the triturating surface, rather 
than on more general characters for the Po¬ 
docnemididae. At present, we are unaware of 
lower jaw characters unique to all Podoc¬ 
nemididae. Nonetheless, FMNH PR 2231 is 
the oldest Erymnochelys-liiie specimen de¬ 
scribed, even if one includes the undescribed 
material of Lapparent de Broin (2000). 

The fossil record of Africa, however, pre¬ 
sents a number of specimens from the Oli- 
gocene to the Pliocene that were identified as 
belonging to Erymnochelys (or a closely re¬ 
lated taxon) by Lapparent de Broin (2000: 
68). However, none of these specimens in¬ 
cludes described skull or jaw material of any 
sort, so comparisons with FMNH PR 2231 
are impossible at this time. 

ORDER TESTUDINES LINNAEUS, 1758 
SUBORDER PLEURODIRA COPE, 1864 
HYPERFAMILY PELOMEDUSOIDES COPE, 1868a 
FAMILY BOTHREMYDIDAE BAUR, 1891 
Bothremydidae gen. et sp. indet. 

Specimen: UA 8708; a dentary fragment 
consisting of a portion of the right ramus and 
symphyseal region. Collected by R Dodson. 

Locality: MAD 93—79, Berivotra region, 
Mahajanga Basin, northwestern Madagascar. 

Horizon and Age: Either the uppermost 
Anembalemba or basal Miadana Member, 
Maevarano Formation, Maastrichtian. 


Comparison of Lower Jaws in Sundry and Diverse Pelomedusoides 
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Fig. 4. Photographs of the partial dentary of a possible bothremydid, UA 8708, in: A, dorsal view; 
B, right lateral view; C, anterior view; and D, posterior view. Scale bar equals 3 cms. 


Description 

UA 8708 preserves the symphysis and 
partial right ramus of a large, broad, and 
heavy dentary (figs. 4 and 5). The symphysis 
itself is broken anteriorly, although only a 
small section is missing. In cross section the 
symphysis is thin anteriorly, about 0.5 cm., 
and thickens markedly posteriorly to 2.8 cm. 
The symphyseal area is wedge-shaped in 
dorsal view with its apex pointing anteriorly, 
and it bears a deep trough along the midline. 
This trough is bound laterally by a sharp ver¬ 
tical ridge oriented anteromedially to pos- 
terolaterally. The vertical ridge drops off 
sharply laterally to meet the medial margin 
of the nearly flat, broad triturating surface. A 
roughened, eroded area is present near the 
lateral margin of the triturating surface. The 
ventral surface of the dentary fragment. 


while nearly flat, is gently curved and con¬ 
vex ventrally. On the posterior surface of the 
jaw near the midline, separated by 0.6 cm, 
are the well-defined anterior margins of the 
deep, paired sulci meckelii. 

The morphology of this unusual jaw frag¬ 
ment is unique, but it has similarities to den- 
taries in the Bothremydidae. Three lower 
jaws are available that have features com¬ 
parable to UA 8708: the type of Bothremys 
cooki (Late Cretaceous, New Jersey), AMNH 
2521; Bothremys alabamae (Late Creta¬ 
ceous, Alabama), FMNH PR 247; and an un¬ 
described bothremydid (Paleocene?, Moroc¬ 
co), AMNH 29989. These jaws all have the 
unusual Bothremys character (Gaffney and 
Zangerl, 1968) of two large pits on either 
side of a thickened symphysis. In Bothremys 
alabamae the symphysis is only slightly 
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Fig. 5. Partial dentary of possible bothremydid, UA 8708. Left ramus restored by reversing right 
ramus. 


thickened, while in Bothremys cooki and the 
undescribed Moroccan bothremydid it is 
more thickened posteriorly. However, the 
symphysis in UA 8708 is nearly twice as 
thick as in these two latter specimens. In 
Bothremys alabamae there is a shallow sym¬ 
physeal trough, while in Bothremys cooki the 
trough is also shallow despite a thickened 
symphysis. In the Moroccan bothremydid the 
trough is much deeper and bounded by high 
lateral walls, exceeding the depth of the sym¬ 
physis in UA 8708. In size, UA 8708 is clos¬ 
est to Bothremys cooki. 

The large pits flanking the symphysis of 
the Bothremys jaws are not evident in UA 
8708, but a comparable morphology can nev¬ 
ertheless be interpreted. In Bothremys, the 
pits have a flat area immediately anterome¬ 
dial to them. This area is nearly identical in 
UA 8708. The posteromedial pit wall forms 
the lateral side of the symphyseal wedge in 
Bothremys ; this area is eroded posteriorly in 
UA 8708. The base of the lateral pit wall 
could be represented by the roughened, erod¬ 
ed area near the lateral jaw margin in UA 
8708. In UA 8708, a depression on the pos¬ 
terolateral floor of the triturating surface at 
the posterior end of the symphyseal wedge 
may represent a ventral remnant of the pit. 


Discussion 

UA 8708 is by no means identical or even 
closely comparable to the three bothremydid 
jaws discussed above, as it has features 
found in no other turtle jaw. The very thick 
symphyseal wedge occurs in no other turtle, 
and the large flat area just posterolateral to 
it, although comparable to the pits in some 
bothremydids, is also unique. It is likely that 
UA 8708 is a new genus of Bothremydidae 
related to the Bothremys Group of Lapparent 
de Broin and Werner (1998), and Gaffney et 
al. (2001a, 2001b). Because of its fragmen¬ 
tary nature, we decline to name this taxon at 
this time. 

CONCLUSIONS 

The published records of Erymnochelys in 
Africa largely consist of plastra with gular 
scales meeting on the midline, a feature re¬ 
stricted to Erymnochelys among living Pe- 
lomedusoides but found among a number of 
fossil forms (see Hirayama, 1992 for discus¬ 
sion). The numerous records of “ Erymno¬ 
chelys ” using “aff.”, “cf.”, “sp. X”, and 
such like in Lapparent de Broin (2000), ex¬ 
tending in time from Oligocene to Pliocene, 
are without reference to specific specimens 
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or description. These records may consist 
only of fragments not identifiable to genus 
by other workers, implying a much denser 
record of this genus than may actually exist 
in terms of taxa diagnosable by morphology. 
The documented records of Erymnochelys 
are shells and a cervical vertebra, described 
by Hirayama (1992). The characters used by 
him are diagnostic for Erymnochelys when 
only living taxa are considered but are more 
widely spread among fossils (Zangerl, 1948; 
Williams, 1954; Hirayama, 1992). Whether 
these characters circumscribe a clade con¬ 
taining Erymnochelys has not yet been tested 
with better material. However, Witmer 
(1990) has reported an undescribed Miocene 
skull and shell from Kenya, morphologically 
similar to Erymnochelys , so it should be pos¬ 
sible to test these ideas at some time. 

Krause et al. (1999) found no evidence 
that any of the Late Cretaceous vertebrates 
from the Maevarano Formation were closely 
related to any higher vertebrate taxa living 
on Madagascar today. This record of cf. Er¬ 
ymnochelys represents the first Cretaceous 
taxon that is a possible candidate for such a 
relationship. However, the biogeographic sig¬ 
nificance of a possible close relative of Er¬ 
ymnochelys in the late Cretaceous of Mada¬ 
gascar is restricted to the confirmation of this 
group as a long-lived part of the Malagasy 
fauna. Further biogeographic conclusions 
based on podocnemidid distribution await 
some resolution of the conflicting available 
phylogenies (e.g., Gaffney, 1988; Gaffney 
and Meylan, 1988; Noonan, 2000) and de¬ 
scription of known but undescribed speci¬ 
mens. 

The probable presence of a bothremydid 
in the Late Cretaceous of Madagascar further 
widens the distribution pattern of this extinct 
group. The Cretaceous bothremydids known 
from India (Gaffney et al., 2001b) and South 
America (Gaffney et al., 2001a) have more 
generalized lower jaws, which are distinct 
from the Madagascar jaw, and most closely 
resemble pitted bothremydids from North 
America (Gaffney and Zangerl, 1968) and 
northern Africa (Lapparent de Broin and 
Werner, 1998). 

The cf. Erymnochelys shows the antiquity 
of one element of the Madagascar turtle fau¬ 


na while the bothremydid suggests another 
cosmopolitan element. 

ACKNOWLEDGMENTS 

We thank David W. Krause, Universite 
d’Antananarivo, Institute for the Conserva¬ 
tion of Tropical Environments, and the 1996 
Mahajanga Basin Project crew for assistance 
with fieldwork. This manuscript could not 
have been completed without the help of the 
following people: Marylou Stewart (photog¬ 
raphy), Luci Betti-Nash (illustration and fig¬ 
ure composition), Virginia Heisey (specimen 
preparation), and Judy Galkin (manuscript 
assistance). France de Lapparent de Broin 
kindly furnished us with additional infor¬ 
mation. We appreciate the help of Peter Mey¬ 
lan, who first brought the bothremydid nature 
of UA 8708 to our attention. Haiyan Tong 
has also been an important participant in the 
pleurodire project underway at present, and 
we appreciate her help. The fieldwork was 
funded by the National Science Foundation 
and The National Geographic Society. 

REFERENCES 

Antunes, M.T., and F. de Broin. 1988. Le Cretace 
terminal de Beira Litoral, Portugal: remarques 
stratigraphiques et ecologiques, etude comple- 
mentaire de Rosasia soutoi (Chelonii, Bothre- 
mydidae). Ciencias da Terra 9: 153-200. 

Baur, G. 1891. Notes on some little known North 
American tortoises. Proceedings of the Acade¬ 
my of Natural Sciences of Philadelphia 43: 
411-430. 

Broin, E de. 1977. Contribution a F etude des Che- 
loniens; Cheloniens continentaux du Cretace et 
du Tertiaire de France. Memoires du Museum 
National d’Histoire Naturelle Serie C, 38: 1— 
366. 

Broin, F. de. 1988. Les tortues et le Gondwana. 
Examen des rapports entre le fractionnement du 
Gondwana au Cretace et la dispersion geograp- 
hique des tortues pleurodires a partir du Cre¬ 
tace. Studia Geologica Salmanticensia, Studia 
Palaeocheloniologica 2: 103-142. 

Cope, E.D. 1864. On the limits and relations of 
the raniformes. Proceedings of the Academy of 
Natural Sciences of Philadelphia 16: 181-183. 
Cope, E.D. 1868a. An examination of the Reptilia 
and Batrachia obtained by the Orton expedition 
to Equador (sic) and the upper Amazon, with 
notes on other species. Proceedings of the 
Academy of Natural Sciences of Philadelphia 
20: 96-140. 


2003 


GAFFNEY AND FORSTER: SIDE-NECKED TURTLE LOWER JAWS 


13 


Cope, E.D. 1868b. On the origin of genera. Pro¬ 
ceedings of the Academy of Natural Sciences 
of Philadelphia 20: 242-300. 

Deperet, C. 1896. Note sur les dinosauriens sau- 
ropodes et theropodes du Cretace superieur de 
Madagascar. Bulletin de la Societe Geologique 
de France (3rd series) 14: 176-194. 

Fuchs, H. 1931. Uber den Unterkiefer und die Un- 
terkiefernerven (Ramus tertius nervi trigemini 
et Chorda tympani) der Arrauschildkiote (Po- 
docnemis expansa ). Nebst Bemerkungen zur 
Kiefergelenksfrage. Zeitschrift Anatomisches 
Entwicklungsgeschichte 94: 206-274. 

Gaffney, E.S. 1979. Comparative cranial mor¬ 
phology of recent and fossil turtles. Bulletin of 
the American Museum of Natural History 
164(2): 65-376. 

Gaffney, E.S. 1988. A cladogram of the pleuro- 
diran turtles. Acta Zoologica Cracoviensia 31: 
487-492. 

Gaffney, E.S., and PA. Meylan. 1988. A phylog- 
eny of turtles. In M. J. Benton (editor). The 
phylogeny and classification of the tetrapods. 
Vol. 1, Amphibians, reptiles, birds. Systematics 
Association Special Volume 35A: 157—219. 

Gaffney, E.S., and R. Zangerl. 1968. A revision 
of the chelonian genus Bothremys (Pleurodira: 
Pelomedusidae). Fieldiana Geology 16: 193— 
239. 

Gaffney, E.S., K.E. Campbell, and R.C. Wood. 

1998. Pelomedusoid side-necked turtles from 
the Late Miocene sediments in southwestern 
Amazonia. American Museum Novitates 3245: 
1 - 11 . 

Gaffney, E.S., D. de A. Campos, and R. Hiraya- 
ma. 2001a. Cearachelys, a new side-necked 
turtle (Pelomedusoides: Bothremydidae) from 
the Early Cretaceous of Brazil. American Mu¬ 
seum Novitates 3319: 1-20. 

Gaffney, E.S., S. Chatterjee, and D.K. Rudra. 
2001b. Kurmademys, a new side-necked turtle 
(Pelomedusoides: Bothremydidae) from the 
Late Cretaceous of India. American Museum 
Novitates 3321: 1—16. 

Hirayama, R. 1992. Fossil turtles from the Neo¬ 
gene Strata in the Sinda Basin, Eastern Zaire. 
African Study Monographs, Supplement 17: 
49-65. 

Krause, D.W., R.R. Rogers, C.A. Forster, J.H. 
Hartman, G.A. Buckley, and S.D. Sampson. 

1999. The Late Cretaceous vertebrate fauna of 
Madagascar: implications for Gondwanan pa- 
leobiogeography. GSA Today 9(8): 1-7. 

Lapparent de Broin, F. de. 2000. African chelo- 
nians from the Jurassic to the Present: phases 
of development and preliminary catalogue of 
the fossil record. Palaeontologia Africana 36: 
43-82. 


Lapparent de Broin, F. de, and C. Werner. 1998. 
New late Cretaceous turtles from the western 
desert, Egypt. Annals de Paleontologie 84(2): 
131-214. 

Linnaeus, C. 1758. Systema naturae. 10th edition, 
vol. 1. Stockholm. 824 pp. 

Meylan, PA. 1996. Morphology and relationships 
of the Early Cretaceous side-necked turtle Ar- 
aripemys barretoi (Testudines: Pelomeduso¬ 
ides: Araripemydidae) from the Santana For¬ 
mation of Brazil. Journal of Vertebrate Pale¬ 
ontology 16(1): 20-33. 

Noonan, B.P. 2000. Does the phylogeny of pelo¬ 
medusoid turtles reflect vicariance due to con¬ 
tinental drift? Journal of Biogeography 27: 
1245-1249. 

Ravoavy, F. 1987. Identification et mise en cata¬ 
logue des vertebres fossiles recoltes dans le Cre¬ 
tace superieur continental de la region de Beri- 
votra Majunga. Thesis, Universite d’Antana¬ 
narivo, Anthropologie. 

Rogers, R.R., J.H. Hartman, and D.W. Krause. 

2000. Stratigraphic analysis of upper Creta¬ 
ceous rocks in the Mahajanga Basin, north¬ 
western Madagascar: implications for ancient 
and modem faunas. Journal of Geology 108: 
275-301. 

Russell, D.. D. Russell, P. Taquet, and H. Thomas. 
1976. Nouvelle recoltes de vertebres dans les 
terrains continentaux du Cretace superieur de la 
region de Majunga (Madagascar). Comptes 
Rendus Sommaire de Societe Geologique de 
France 5: 205—208. 

Tong, H., and E. Buffetaut. 1996. A new genus 
and species of pleurodiran turtle from the Cre¬ 
taceous of southern Morocco. Neues Jahrbuch 
fur Geologie und Palaontologie, Abhandlungen 
199(1): 133-150. 

Tong, H., E.S. Gaffney, and E. Buffetaut. 1998. 
Foxemys, a new side-necked turtle (Bothremy- 
didae: Pelomedusoides) from the Late Creta¬ 
ceous of France. American Museum Novitates 
3251: 1-19. 

Williams, E. 1954. New or redescribed pelome- 
dusid skulls from the Tertiary of Africa and 
Asia (Testudines, Pelomedusidae). 2. A podo- 
cnemide skull from the Miocene of Moghara, 
Egypt. Breviora 39: 1—8. 

Witmer, L.M. 1990. A new pleurodiran turtle from 
the Miocene of East Africa and its implications 
for the phylogenetics of podocnemine pelorne- 
dusids. Journal of Vertebrate Paleontology 
10(supplement to 3): 49A-50A. 

Zangerl, R. 1948. The vertebrate fauna of the Sel¬ 
ma Formation of Alabama. I. Introduction. II. 
The pleurodiran turtles. Fieldiana: Geological 
Memoires 3(1 and 2): 56 pp. 


